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The  prolonged  coagulation  time  of  the  blood  often  noted  in 
jaundiced patients  has  long  been recognized as of serious import in 
relation to surgical measures.  Postoperative bleeding, a grave compli- 
cation, usually occurs when there is delay in coagulation.  The coagu- 
lation,  calcium  and  prothrombin times are frequently prolonged in 
obstructive jaundice, particularly if the jaundice has existed for 3 or 
more weeks.  The exact nature of the disturbance in the mechanism 
of coagulation of the blood,  however, is unknown.  Available data 
indicate inhibition of the formation of thrombin and partial inactiva- 
tion of the thrombin already formed.  The calcium and fibrinogen 
content of the blood, according to most investigators, is undisturbed 
in these cases. 
Purpura in jaundice is also baffling; the coagulation time may be 
perfectly  normal  in  the  face  of  widespread  subcutaneous  oozing. 
Increased capillary permeability, probably toxic in origin, rather than 
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delayed  coagulation  seems  to  be  the  determining  factor.  Both 
hemorrhage and purpura are sometimes terminal events in the course 
of  jaundice.  They  are  also  encountered rather  frequently in  the 
terminal stages of certain other chronic diseases, notably in nephritis 
and uremia.  Consequently further proof of the specific r61e of  re- 
tained biliary products in the production of hemorrhage and purpura 
is legitimately demanded.  It is possible that  hemorrhage and pur- 
pura,  like  terminal  pneumonia,  may merely be  expressions  of  im- 
pending dissolution.  Such a  possibility should not be overlooked. 
Despite our lack of information concerning the causative mechanism 
of bleeding in jaundice, certain progress has been made clinically in 
the  control  of  hemorrhage,  postoperative  oozing  and  purpura. 
Measures aimed at  improvement of the patient's  general condition 
are often followed by disappearance of the purpura.  An abundance 
of sugar and water tends, in many cases, to increase the vigor and to 
decrease the surgical risk.  The repeated administration of calcium 
chloride intravenously sometimes seems to  offer protection against 
subsequent  hemorrhage.  Such measures combined tend to  shorten 
the  coagulation  time of the  blood  and  render the  patient  a  more 
favorable subject for surgical intervention.  If these procedures fail, 
there yet remains transfusion of blood, one of the most satisfactory 
general  methods  in  the  treatment  of hemorrhage.  But  in  a  con- 
siderable number of cases, all efforts at control prove futile. 
The  experimental procedures were carried out  in  two  series:  (1) 
extracorporeal thrombosis in experimental jaundice,  (a) old technic, 
eight  experiments,  (b)  modified  technic,  ten  experiments,  and  (2) 
extracorporeal thrombosis following the intravenous injection of bile 
acids, (a) single injections of bile acids, (b) continuous injection of bile 
acids with Woodyatt pump. 
Extracorporeal  Thrombosis in Experimental Jaundice. 
The common duct of rabbits was ligated under ether anesthesia under strictly 
aseptic conditions.  2 to 5 days later the animals were  anesthetized with tertiary 
trichlorobutyl alcohol, the extracorporeal loop was attached and observations 
made on the rate and character of formation of the thrombus.  Jaundice was 
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Old  Technic, Eight Experiments.--The four  glass  sections of  the 
extracorporeal loop were coated with paraffin but the cannulas and 
rubber collars were left with clean ungreased surfaces.  In the normal 
animal circulation through the extracorporeal loop ceases in from 6 
to  10 minutes, or at most, in unusually large and vigorous animals, 
in 25 minutes and the collodion tube is completely obstructed by a 
solid  thrombus.  If  the jaundice has  existed  for  several  days  the 
course is quite different.  White thrombi composed of platelets and, 
later, leucocytes are laid down in about the usual manner and can be 
seen  grossly in  from  10  to  15  minutes.  The  formation of  fibrin, 
however, is greatly delayed and the lumen does not become occluded 
for  several  hours.  White  thrombi multiply in  size  and  numbers, 
chiefly on  the venous side,  and  in  some experiments pile  up  into 
cauliflower-like excrescences (Fig. 1) in the collodion tube and venous 
cannula so that the speed of the current is materially decreased and 
fibrin threads are permitted to become attached firmly.  The fibrin 
in its turn enmeshes erythrocytes, especially in the dependent portions 
of the apparatus and a thin film of poorly organized thrombus results. 
The white thrombi in the uppermost portions of the collodion tube 
retain their identity much longer before being overlaid by fibrin and 
erythrocytes.  Circulation persists in most instances for from 3 to 4 
hours. 
Modified  Technic, Ten  Experiments.--The  apparatus  was  first 
assembled and then dipped in melted paraffin.  Only the cannulas 
and the cannula collars remained unparafflned.  In the normal ani- 
mal with this type of preparation, circulation persists for 2 or 3 hours. 
White thrombi grow in the cannulas and collodion tube and after an 
hour or two are found overlaid by red thrombi which ultimately ob- 
struct the lumen. 
In the jaundiced rabbit the course is similar except that the flow 
persists for a much longer period and the white thrombi often retain 
their identity strikingly, without admixture of red elements or gross 
fibrin.  Even after 3 hours of circulation the membrane may exhibit 
nothing but a heavy deposit of platelets and leucocytes.  The thrombi 
tend to be laid down in a characteristic fashion being strictly localized 
at either end of the collodion tube so that they comprise a ring form 
(Fig. 2).  In some experiments, the primary ring-like group of white 874  EXTRACORPOREAL  THROMBOSIS.  VII 
elements was later covered by a heavy mass of erythrocytes and fibrin 
which  ceased growing as soon as the disparity in lumen  between  the 
glass  and  collodion  tubes  was  overcome.  The  inner  surface  of  the 
mixed thrombus was composed of a  smooth fibrin sheath,practically 
colorless because of the washing action of the circulating blood.  The 
reason  for  the  peculiar  localization  of  thrombus  elements  at  either 
end  of the  collodion  tube  is  obscure.  It  has  not  been  observed  in 
any experimental condition other than obstructive jaundice; probably 
mechanical and physical factors are responsible. 
Bilirubin estimations and bile acid determinations by the quantita- 
tive Pettenkofer method of Aldrich and Bledsoe were made before the 
experiments were begun (Table I).  During the experiment the serum 
bilirubin averaged 7.5 nag. and the bile acids 18.5 rag. for each 100 cc. 
of blood.  The coagulation  time was uniformly prolonged. 
Type Protocol (Modified Tecknic).--The common duct was ligated August 27, 
1927, and the experiment performed 4 days later when the serum bilirubin was 
9.4 nag. and the level of the bile  acids 17.5 mg. for each 100 cc. of blood.  At 
9.50 a.m. the clotting time (Lee and White method) was 9½ minutes.  The extra- 
corporeal loop with unparaffmed cannulas was attached.  The blood flow through 
the loop was brisk and the formation of eddies  was marked.  At the end of 10 
minutes a  few tiny white thrombi could be seen at the venous end of the col- 
lodion tube.  At the end of 20 minutes these had grown definitely in size and num- 
bers and a few could also be seen in the arterial end.  At the end of an hour, the 
flow was still quite brisk.  At either end of the collodion  tube were many tiny 
white thrombi; they could not be seen in the middle portion of the tube.  Mter 2 
hours of circulation through the extracorporeal loop, the thrombi had increased 
in numbers and size so as to form a ring about 1 era. wide at each end of the col- 
lodion tube.  Mter 3 hours the ring at the venous end was distinct and white and 
that  at  the  arterial end had been  overlaid  by  red  thrombi.  The blood flow 
remained brisk and strong and apparently .there was no obstruction at any point 
in the apparatus.  The clotting time was 10 minutes. 
The  apparatus  was detached  and washed gently with  a  solution  of  sodium 
chloride.  The collodion  tube was slit longitudinally and flattened.  The massed 
white thrombi at the venous end were creamy white,  at the arterial end the red 
thrombus was covered by a smooth fibrin lining  which was washed white by the 
action of the flowing blood (Figs. 3 and 4).  The middle portion of the tube was 
free of  thrombi. 
Comment.--During  the  progress  of  the  experiments  certain  facts 
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the animal exerted a profound influence on tke rate and character of 
formation of the thrombus in the loop.  If the animal was vigorous 
and  healthy  and  the  circulation  correspondingly  brisk,  the  flow 
persisted for a long time and white thrombi only were deposited.  On 
the other hand,  if  the animal was  exhausted from long continued 
jaundice or was depressed by overdosage of an anesthetic, with conse- 
quent weak circulation at the beginning of the experiment, the white 
thrombi were soon overlaid by fibrin and erythrocytes and the lumen 
became occluded relatively  early.  Changes  in  the  quality  of  the 
blood and variations in coagulation time appeared to exert a  lesser 
influence than did the purely mechanical factors.  For these reasons 
it was deemed unwise to attempt to draw too far reaching conclusions 
concerning specific factors.  Furthermore, the course of events did 
not always follow the typical course anticipated.  Thus in two ex- 
periments performed on animals in whom the common duct had been 
ligated 3 and 6 days respectively before the experiment, the results 
were wholly at  variance with those usually encountered.  In both 
experiments, on repeated attachment of the apparatus,  the  lumen 
became occluded in some portion within 20 minutes and large masses 
of loose, friable, coiled fibrin were found long before numerous white 
thrombi had appeared.  These animals were in  excellent condition 
and seemed to fulfill all the requirements for experimentation.  In a 
third experiment, circulation through the loop persisted for 10 hours 
without occlusion.  It was obviously impossible adequately to  cor- 
relate such divergent results.  To disregard them would be altogether 
unwise.  That  experimental  obstructive  jaundice  and  the  blood 
changes accompanying it exert a definite influence on coagulation and 
the formation of thrombi in the extracorporeal loop seems proved 
beyond doubt, but at the same time physical and mechanical factors 
assume such large proportions that they approach, in importance, the 
purely intrahemic,  chemical and physiologic abnormalities induced 
by the presence of jaundice.  Hence in clinical jaundice the general 
condition of the patient as well as the results of laboratory tests of 
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Extracorporeal  Thrombosis Following the Intravenous  Injection of 
Bile Salts. 
It has been postulated at various times that the increased level of 
bile acids of the blood may be responsible for the prolonged coagula- 
tion time sometimes noted in cases of  jaundice.  Petr6n, Morawitz 
and Bierich have maintained that  such an hypothesis is untenable 
since bile salts added to blood in vitro have no effect on the coagula- 
tion time until the concentration is several times that in obstructive 
jaundice.  Clinical studies carried on in our wards have failed to show 
any direct parallelism between the level of the bile acids as indicated 
by the Pettenkofer reaction and the coagulation time  of the blood. 
It was thought that results of interest might be obtained by the use 
of the extracorporeal loop in animals that had received a  solution of 
bile salts intravenously.  Single and continuous injections of pure bile 
salts dissolved in physiologic sodium chloride solution were made. 
Single Injection of Bile Salts.--An adequate single injection of bile salts  (5 
to 10 co. of a 1 per cent solution of the sodium salts of the bile acids in physiologic 
sodium chloride solution) caused a definite prolongation of the coagulation time 
of the blood of a rabbit.  As might be expected, the circulation through the loop 
persisted longer than normal.  White thrombi were laid down in a fairly normal 
manner, although somewhat delayed, and after an hour or two were found over- 
laid by erythrocytes and small amounts of fibrin.  The circulation, however, con- 
tinued and there was less tendency to obstruction than occurs in the normal 
animal. 
The rise in the level of bile acids of the blood is transitory after a 
single injection of pure bile salts, as has been  shown by Greene and 
Snell in their experiments on dogs.  If, as has  been suggested, the 
duration of increase in the level of bile acids of the blood is of greater 
significance than the actual  level  attained, it would be of interest 
to  keep  animals at  a  constant high level of bile  acids  for  several 
days and determine whether or not this factor alone  could alter  the 
coagulation time as does obstructive jaundice.  A prolonged experi- 
ment of this type was not attempted, but by means of the Woodyatt 
pump, it was possible to approximate and maintain, for several hours, 
the levels of the bile acids found in clinical obstructive jaundice. 
Continuous  Injection of Bile Salts with Woodyatt  Pump.--Five ex- 
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A 2.5 per cent solution  of bile  salts  was administered  in  three experiments, 
2 per cent in one and 6.6 per cent in the other, and specimens of blood were re- 
moved at intervals  to determine  the level of the bile acids (Pettenkofer value). 
The coagulation  time was also studied  and the extracorporeal  loop was attached 
after a definite clotting disturbance  was manifest.  The coagulation time was not 
taken until about 200 mg. for each kilo of body weight had been given.  At this 
point the coagulation  time was always found to be increased, although the level 
of bile acids of the blood, as determined  by the quantitative Pettenkofer method 
of Aldrich, averaged only a few milligrams higher than the normal level of 3 to 4 
rag. for each 100 cc. of blood.  The great quantity of cholates introduced into the 
circulation  (200 to 300 rag.  for each  kilo  each  hour)  caused  hemolysis  in only 
one experiment,  in which a 6.6 per cent solution of bile salts was used.  The bile 
acid content of the blood rose slowly the first 2 hours and reached its highest level 
at the close of the experiment  when the animal was moribund. 
The  condition produced  approximates  in  some  respects  that ob- 
served  in  jaundice.  The  results  of  the  individual  experiments  are 
shown in Table II and Text-fig. 1.  In Table IIIa  general summary is 
tabulated.  Under  the  conditions  of  these  experiments  from  600 
to  700 rag. of bile acids for  each  kilo  were  given  over  a  period  of 
about  4  hours.  The average coagulation time  was prolonged from 
3  to  15  minutes  and  the  level  of the  bile  acids  increased  from the 
normal of 3  to 4  rag. to an average of approximately  60 mg. at the 
end of the  experiment.  The animals became weaker  and  appeared 
to  be  comatose as  the  experiments  drew  to  a  close.  Necropsy did 
not reveal a  trace of generalized purpura or hemorrhage? 
In the extracorporeal loop white thrombi were never as prominent 
as in the normal or jaundiced animal.  A  few small patches of plate- 
lets could sometimes be seen grossly but as the blood pressure became 
1 In later experiments  it was found that when 4 per cent solution of bile salts 
was injected  into the marginal  vein of a rabbit's ear there was a subsequent  ex- 
travasation of hemoglobin or erythrocytes into the tissues surrounding the smaller 
venous channels.  Grossly the condition  seemed to be a purpuric manifestation. 
The vein used for the injection  became thrombosed.  The same results  were ob- 
tained by injecting  the central artery of the ear.  Sellards has shown that a  5 
per cent solution of bile salts injected  intraperitoneally causes hemorrhagic  areas 
and necrotic  ulcers  in  the  stomach.  He could  not reproduce  these  results  by 
intravenous  injection  since the  animals  died  immediately  if  a  lethal  dose  was 
used.  Repeated  sublethal  intravenous  injections  were  precluded  by  venous 
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TABLE  I. 
Changes Obsemed  ~llowing Ligation ~  the Common Duct (S~ies b). 
Experiment No. 
Normal 
1 
2 
3 
4 
5 
6 
Days after 
obstruction 
Average coagulation 
(Lee and White) 
mln. 
3to4 
13 
13 
18 
18 
10 
10 
Serum bilirubin 
r~g. per cent 
0.0 
7.5 
8.7 
6.6 
8.1 
3.7 
9.4 
Bile  acids 
(Pettenkofer value) 
rag. per cent 
4.0 
13.2 
13.4 
10.9 
39.0 
16.6 
17.5 
TABLE  II. 
Changes Observed  following Continuous Injection of Bile Salt Solution. 
Coagulation  Experiment No.  Time  BUe salts injected  Bile acid in blood  (Lee and White) 
hrs.  rag. 
10 
11 
1.5 
2.5 
3.5 
4.5 
0.45 
2.00 
600 
1000 
1250 
800 
1350 
£~er ccnl 
3.8 
25.6 
20.0 
50.0 
27.0 
3.9 
15.0 
25.0 
1.25 
3.25 
4.25 
5.00 
i .20 
2.20 
3.20 
4.00 
270  4.9 
620  13.9 
780  22.2 
872  68.5* 
4.1 
858  13.8 
1452  32.2 
30.0 
80. O* 
mln. 
3.0 
6.0 
6.0 
13.0 
15.0 
3.0 
4.0 
9.0 
2.5 
9.0 
12.0 
15.0 
15.0 
2.5 
3.5 
9.0 
15.0 
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progressively  lower,  these  patches  were  overlaid  with  erythrocytes 
and thus when the membrane  was removed, nothing but red thrombi 
could  be  seen.  In  one  experiment  this  secondary  sedimentation of 
erythrocytes  did not obtain  and the membrane  remained practically 
clear  except  for  a  faint  haze  of  tiny  white  thrombi  and  ungrouped 
platelets. 
Type  Proctocol (Continuous  Injection  of Bile  Salts).--(Experiment  7).  The 
animal used in the experiment was normal; its weight was 2600 gin.  The coagula- 
tion time before the experiment was 4 minutes (Lee and White).  The content of 
bile acids in the blood was 3.6 mg. for each 100 cc.  The injection of 2.5 per cent 
bile salts was begun at  2.45  p.m.; at 3.50  p.m.  250  mg.  had  been  introduced. 
TABLE  III. 
Results  of Experiments with Continuous  Injection of Bile Salts. 
Experi- 
ment No. 
7 
8 
9 
10 
11 
Solution 
injected 
per cent 
2.5 
2.5 
2.5 
2.0 
6.6 
Bile salt 
injected 
mg. 
1675 
1250 
1350 
1872 
1452 
Weight 
of 
animal 
gm, 
26(E 
19~ 
29~ 
13~ 
2750 
Bile salts 
64O 
658 
466 
670 
537 
Duration 
of experi- 
ment 
]~ts. 
5.5 
4.5 
2.0 
5.0 
3.5 
Coagulation 
Before  After 
experi-  experi- 
ment  ment* 
mln.  rain. 
4.5  21 
3.0  15 
3.0  9 
2.5  15 
2.5  15 
Bile acids 
Before  At end of 
experiment experiment 
! 
rag. per cent rag, per cenJ 
3.6  65.6 
3.8  50.0 
3.9  25.0 
68.5 
4.1  80.0 
* The greatest delay noted, that is at the end of the experiment usually. 
The coagulation time was 6 minutes.  The extracorporeal loop was attached at 
3.50  p.m.  At 4.20  p.m.  there was  an obstructing clot in  the  venous  cannula. 
The apparatus was detached and cleaned.  White thrombi could not be seen in 
the collodion tube.  At 5.30 p.m. 1250 mg. had been introduced.  The coagulation 
time  was  12  minutes.  Slight hemolysis was  apparent.  A  new  extracorporeal 
loop was attached at 5.30 p.m.  At 6.00 p.m. the level of bile acids in the blood 
was  21  mg.;  1650  mg.  had  been  introduced.  The  coagulation  time  was  10 
minutes.  White thrombi could not be seen in the apparatus.  At 7.00  p.m. the 
level of the bile acids was 31 rag.  The  animal was  comatose.  The  coagulation 
time was 20 minutes; 2650  rag. of bile salts had been given.  At 8.30 p.m.  the 
level of the bile acids was 65.6 mg.; 3675 mg. of bile salts had been administered. 
The animal was moribund.  The coagulation time was 21 minutes.  A few white 
thrombi  were  seen  in  the  collodion  tube.  The  membrane  was  almost  clear. 880  EXTRACORPOREAL  THROMBOSIS.  VII 
Neither  general  hemorrhage nor  purpura  could  be  found  at  postmortem ex- 
amination. 
Text-fig.  1 illustrates the relationship between the quantity of bile salts intro- 
duced, the level of bile acids in the blood and the coagulation time in this ex- 
periment.  The data from the other four experiments presented in Table II form 
similar curves when plotted graphically. 
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TExT-FIG. 1.  ReIationship between the quantity of bile salts introduced, the 
level of bile acids in the blood and the coagulation time. 
Comment.--It is interesting to speculate on the disposal of thehuge 
excess of bile salts introduced into the circulatory system.  Obviously 
they do not remain in the blood, for in this experiment only 21 rag. 
for each 100 cc. of blood were recovered after 1650 rag. had been in- 
jected.  It may be assumed that the hepatic cells remove the excess 
bile acids rapidly and efficiently at first and then, as the injection con- 
tinues,  with  less  ease  until  finally death  ensues.  Greene and  Snell 
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of a  large quantity of bile  salts,  there was  a  sudden  and profound 
rise in the level of bile acids of the blood.  This rise was short-lived 
and the level returned to normal within an hour or two. 
DISCUSSION. 
In  the  experiments with  the  Woodyatt pump the Pettenkofer value 
of the blood rose  slowly.  The  injection  was slow and continuous. 
Despite the relatively low level of bile acids  at  the end of the  1st 
hour, the coagulation time of the blood was uniformly prolonged, not 
markedly, yet inmost instances definitely (Table II).  As the injection 
continued, this  delay in  coagulability usually became progressively 
more marked.  This raises the question of whether bile salts in vivo 
have an effect on the coagulation time of the blood which they do not 
exert in  vitro. 
Morawitz and Bierich, in 1906,  showed that when solutions of the 
sodium salts of bile acids were added to samples of blood in vitro it 
was necessary to obtain a  concentration of 0.5 per cent bile acids to 
increase the coagulation time to twice the normal value.  A  concen- 
tration of 0.25 of 1 per cent (250 rag. in 100 cc. of blood)  did not have 
any appreciable  effect on  coagulation  time.  They concluded that 
the salts of bile acids act exactly as do neutral salts, that is,  the con- 
centration is the factor of importance and there is  no  specific effect. 
Petr~n,  in  1920,  performed  similar  experiments  using,  however, 
oxalated plasma instead of whole blood.  He stated that a concentra- 
tion of 0.17  to 0.22  per cent was the borderline value  and  that  0.55 
to 0.66 per cent of bile acids had a  definite inhibitory  effect on the 
coagulation of oxalated plasma.  He  concluded that  the  increased 
levels of bile acids found in patients with jaundice could not be re- 
sponsible for "cholemic bleeding" since coagulation in vitro did not 
appear to be affected until the concentration of bile acids was several 
times greater than that  found in jaundice.  In this connection our 
results from the continuous injection of bile salts are of some interest. 
Table II and Text-fig. 1 show that the Pettenkofer value of the blood 
is only a little higher after the gradual injection of 200 to 400  rag. of 
bile salts (Experiments 7 and 10) than it was at the beginning of the 
experiments, yet the coagulation time is increased.  In Experiments 8, 
9 and 11 a much larger quantity of salts was injected during the first 882  EXTRACORPOREAL  TI-IROMBOSIS.  VII 
hour and the Pettenkofer value is correspondingly higher; but even 
then the values are negligible in comparison with  those of Morawitz 
and Bierich and Petr~n.  As the level of the bile  acids of the blood 
rises during the experiments, the coagulation time is correspondingly 
lengthened.  The highest level of the bile  acids obtained  (80  rag. 
per cent in a postmortem specimen) is well below the 0.25 per cent 
and  0.17 to  0.22 per  cent  stated  by  Morawitz  and  Bierich,  and 
Petr~n, respectively, to have a minimal effect on the coagulation of 
blood in vitro.  This fact would point to the  conclusion that there is 
some factor other than the physical concentration of bile acids which 
influences the clotting time in animals that have been given injections 
of bile salts.  Petr6n thought that  cholemic bleeding was due to  a 
disturbance of the function of the liver.  It would seem possible that 
the  absorption  of large  quantities of bile  salts  (such  as  were ad- 
ministered during these experiments) by the tissues, particularly the 
liver, might so disturb the intimate chemical and physiologic balances 
of the blood as to effect a delay in coagulation time.  No attempt is 
made to dispose of the question by such an explanation but the results 
of these experiments would indicate that an indirect r61e of bile acids 
in the production of delayed coagulation time and cholemic bleeding 
has not yet been disproved. 
An obvious criticism of our experimental methods is the large total 
quantity of fluid which was injected.  In most instances it  averaged 
half the calculated blood volume of the animal.  This was balanced 
somewhat by the periodic withdrawal of blood for determinations of 
coagulation time and of bile  acids.  The effect of hemolysis which 
was observed definitely in one case must also be  considered. 
SUMMARY. 
In  experimental obstructive  jaundice  in  rabbits,  thrombosis  is 
definitely ddayed in the extracorporeal loop.  White thrombi are laid 
down at the normal rate in many instances; in others there is a delay 
in deposition of platelets, while in still others cauliflower-like  masses 
of platelets are rapidly deposited and tend to slow or even stop the 
blood stream before much fibrin is apparent.  Fibrin deposits  and 
formation of the red thrombus usually appear late in the experiment 
and often only at the ends of the collodion tubes.  In vigorous animals, W. R. ~OH!WSON, T. SIIIONOYA, AND L. G. ROW'NTREE  883 
the thrombi rarely tend to obstruct and usually cease growing when 
they have made up  the difference between the lumen of the glass 
tube and of the collodion tube.  On the other hand, if the animal's 
general condition is poor and its circulation depressed, red thrombus 
forms more rapidly and tends to encroach progressively on the lumen 
until obstruction takes place.  Even in such cases circulation through 
the loop persists for periods much longer than in the normal animal. 
Judging from the gross appearance of the thrombus the quantity and 
quality of fibrin seem deficient. 
Single injections of bile  salts yield pictures similar to  those seen 
in experimental obstructive jaundice.  White thrombi are  deposited 
but obstruction of the lumen is delayed because of inadequate forma- 
tion  of  fibrin.  The  continuous  intravenous  injection  of  bile  salts 
resulted in a progressive increase of the clotting time and in the level 
of bile acids of the blood.  The state of the extracorporeal loop was 
likewise similar in many respects to that seen in obstructive jaundice. 
There was, however, a  definite decrease in the size and numbers  of 
white thrombi deposited on the collodion membrane. 
From  the  evidence presented it  is  obvious  that  the  processes of 
blood coagulation and of thrombosis in the extracorporeal loop are 
definitely delayed in experimental obstructive jaundice and in animals 
that have received intravenous injections of bile salts.  No attempt 
is made to explain the changes found in jaundice on the basis of the 
increased levels of bile acids in the blood although these experiments 
would indicate that such a possibility has not been ruled out. 
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EXPLANATION OF PLATE 20. 
FIG. 1.  Vertical section through  a  thrombus mass  found  on  collodion mem- 
brane,  a,  platelet collections;  b,  thin  layer  of  leucocytes  on  the  surface  of 
collodion membrane  (which was dissolved in  the fixing process); c, red cells. 
FIG. 2.  Collodion tube  slit longitudinally and flattened out.  Heavy deposit 
of platelets and leucocytes at one end of tube;  the remainder of tube clean and 
transparent. 
FIG.  3.  Collodion  tube  slit  longitudinally  and  flattened  out.  Deposit  of 
thrombi at either end of tube.  a,  washed fibrin lining of  red  thrombus  (torn 
away when tube was flattened out); b,  red thrombus; c, white thrombus. 
FIG. 4.  Cross-section of thrombus found at  arterial end of tube  (Fig. 3).  a, 
smooth layer composed of fibrin and leucocytes; b, network of fibrin threads with 
entangled red cells and  a  few leucocytes; c,  collodion membrane. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XLVIII.  PLATE 20. 
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